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3 4§^fl ^ og^ 7V ^ m « ^ <3*tt^ SH-71 tflofl ^ thg-, 700-1100 £ 

^ -§-^w 7lsj-A]^ Tg-^ yVo. 7 ] tfl«. S ^^. 7l q. ) ^ ± 
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7l^^^-)l ^ Ol^^ ^M-^W ^ ^ ^ «j-^ {Massive synthesis meth()d Qf 

double-walled carbon nanotubes' using the vapor phase growth} 

S. 5^r ^ Ir^o]) o]^ ^ q-ic^-W SEM siXl^ ^oluf. 



^ M-^^fe (graphite sheet )°] ^ ^a}^ x^Ej-^cf. #7] &± 14 

^ 4^ I7fl^l fh^^* (single-walled carbon 
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^ 2004/3/25 
nanotube), 27flo] <>1^ *dtx+2n*i (double-walled carbon nanotube), 37fl o]#o] 
^^i4iii^-H.(multi walled carbon nanotube)^. n^ll- ^ &rf. 

3 M v+lM ^ S*fe <?]*M W ^>^>, zl^SL 4 

++ o] 7 ]tfl£U c^. ^ ^^^^7]- 4^ -fr 

-§-^7fl A>-g-5|7l JL^JE^ o]^ ^l+i^a* ^ >7) , ^oj- tH^Kr 

<9> #7) o]?*f ^ ^ S>7] ^c^- ^71^^ 5Efe 

<H> «V^ol 0]-j77> ^ 7 )#^ *M*H 71^8-^8^ 
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Fe, Co, Ni, Mo SE^f ^^.5. ol-f-^*! 2-5 rati 37]^ ^nfl ^ 411^ x> 

3*-#(MgO). ^^m(Ai 2 o 3 ), ^l^olH(Zeolite) Stt ^51^5. °l-f-<H*l <y^o] s 

#71 #*fl ^ <g^>7> i^ltl #71 s.*H ^fl 

^HH fe 7>^» fe 7]-^^- ^nfl ^ ^7>^>^| ^Pfl M> 

-§-°n ^#w. 

#71 #nfl ^ o^M- ^ oj7l-#^ ^1^17171 , ^7] #nfl ^ <Q 

*>7} -g-^-i: ^ ^, #7] ^ <^7>7V -g-^ ^Al^lcj.. 

#7] #ofl <^7> ^ S.^1 ^ ^-g-* ^171^. #71 ^ 

<U*} fl 5.311 £-^0] ^ -g-oflo^ ^jg. ^ 0)$-^ 150°C^Mi 15^171 

^S^Rr 3M W>^J*}tK ^7l ^ 0^7]. S-xfl 3], ZJ;*}*!)*!- 

^ #71 =^ <£x }7} ^ ^ s.^]- tf^tM}. 

#71 #*fl ^ <^7>7l- #*1^ 2-^51 700 tfl^l 900°C^1 tfl7l ^-^7H1a-1 

6 xfl*l 12 ^ITV^^ ^t^Kr ^ol y}^;*^!}. #7] o]^o] uj.^ s-y^ ^. 7] ^ 

^ ^7>7} 5-*)l» 700~1100r -B-^l^m tiV-§-7Hl ^, #71 ti>-g-7l Lfl^-S 7^ 

71 ^ fe ^ -g-^^; 7l5|-Al^ ^ 7 >i» 
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*fe ^A]dj|^ 7].*] Cfs tgBfls. jg^jg ^ *$*) 7 } thM 

##*rfe €*1*H i^s^ o>qr^.. ^ ^ahi^ 13. ^^joflA-i ^^01 

^ ^ I+^W ^ ^1^- ^-§-71(100)2]-, A>7l ^]^]^ Aj-71 ^7) 

» 7><iAl^ ^ 5^ 7 ><i S«a(102, heating coil)°l ^7) #-§-71(100) xfl^l 2i 

^(104, boat)7> ^^lt>4. <$7) ^.H(104)^ ^(quartz) OLE. ^sKlH(graphite) 

°1-S-W. J£2=(102) iflo)]^ o]^^ ^ q-i^iL7} #*fl M(106)°l # 

7}7fl ^rf. -M- ^ 1^(106)^ ^#*Kr ^-o] ^pfl =.4? <$7}7} ^ 

*HKpower)£] (support material )♦ °l-§-^^. 

#?1 #-§-71(100)3 7}^ ^oj^-doy, gas inletH^r *fll 7}+ ^^-(108)^ Jf-*M 
7 >- ^-€(110)01 ^^tf. Jf-Sj/sE lofl JEA^ Aj-71 0>H^ 7}-^ ^^(110)^ 
° } ~- 7 >-* ^ ^ to-ir^l ^$Hr 71^71 (119)S ^ *fl 2 

7>;±l ^^-(ll2)ol <£^S)o] Ojnf. Aj-71 ^ -g-oB^. o^-^ol^^^ M> 

(hexane) , THF(Tetra hydrofuran) SE^- ES^Irt a>-§--§- ^ oj^ 
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#-§-71(100)3 7\± ^$^(107 #4x ±SL^i 7}^7\ »]3 7>^ ^ 

#(116) o] <&lkS\o] $X^r. ^7] 7}+ ^g-#(110Hl <3ll# 7fl2 7}^ ^g-#(112)-i- * 

*H 6 >^--e 7}^« ^#°.g.#\ #£: 4^ -g-^^ 7ls)-Al^ *<?-^ 7>>i» 7fl3 7}^ ^ 

^-#(116)* ^f-*H #i iii 7}^7\ ^#rf. 

ZL^Jl, £ 2^1 £*1# M-^ti. ^#*1^ o>s^ 7 >i ^-g-#(110)*l) 7)1 2 7>i 
^##(112)ol ^S\o] OX*} ^51, 7fl3 7}^ ^#(116)^ #4: 7>^ -^g-g 

(118)°1 §14. o]oj] tc^, £ 2<H1 5Ea1# ^ q-i^j-y. ^ ^ 

7}^ ^-^(118)^1 »13 7>^ ^g-#(116)^r v}3, #:£ iii 7\^7\ ^-##c|- 

#7] #4. 4US.>s 7}±. #dt 7>^3 <^5L^ 441^1, 

*«#, oflM, = 3.*, <|J#3)-#dfci ^ § ^ fli*. £ l « £ 23 #i wj-Ai-^ 

^7} Till 7^ ^-#(108), ^2 7}^ W#(112), g 7113 7}+ ^##(116)^ 
#-§-71(100) ^S. 7>>i -^-^ ^#1- ^ £Ur *fll t«(120), 7)12 t«.(122) ^ ^13 f« 
(124)7} ^^lE)^ Satj-. #7) #-§-71(100)3 7}^ ^<g^(107)3. ^*J# 7>^#^r 5^3. ^ 

ol-^M 7>^ wfl#^(126, gas out let )S *fl##t}. 

^3 7l# ^i?H 3# oi^ ^ i4^m.3 ^ #*l*r ^1 7Hi§i -g^*} 

^ol #-§-71(100)3 ^1^}#^ 7l^-7l(H9)» 7}^ Bfl 

3 #4: 7V^» ^7]^, #-§-7] ifljg. #^ 7>^» #^(106) 

71^-^^ ^1^3 #4 M-i^-W.^- ^^-AlTjrf. ^-71 ol^o] ^ uf^^y 

^ 7>i *#«(110)* ^>s^ 7 >i# ^#rf. 
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<26> 



<27> 



(Zeolite) ol^^ <a^ (power) ^ Ml(support material)sl ^ 7]flL 

M-^nj^o] 7] ^. )ofl ^Al^cfC^ 200). 

4. 



<28> 



<30> 



^. <a*W 3L?Ni -g^* TliWtifl 202). *<4 9 4f flx^ 

<Ufc Fe(N03)3-9H 2 0, Fe(Cl) 2 • 9 H2 0. CoS0 4 -XH^, Co(N0 3 ) 2 -6H 2 0, Ni(N0 3 ) 2 .«*>. 
NiS0 4 ■ 6H 2 0 * S * 4« « ^ =MUl. ^o, Mo s#0) IM w 

MoS,, MoCl 3 iM-fr^, 4444 AV^ SWl4i a,, W4) Mq ^ ^ ^ ^ 

m. ^aw. <a^ 7> 4W ^ w ^ ^ 
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^ S3a>7> -g-^sf 2.^1 ^A|^t}(^ 204). 

Aj-71 #nfl ^ ^ ^^-o] ^ -g-<*M Fe, Ni HL^r Co^, Mo, $ MgO 

■i: X^S>fe -§-^«§ Fe, Ni SE^ Co : Mo :Mg0^1 (molar ratio)^ 0.7-1:0.1- 

0.3:lO~13AS. Aj-7] 3*11 ^ ^A r ^ 2*11 g^o] ^ -g-oflo] Fe ^ Ni <4 f 

Mo, ^ MgO* -§-<*?<a ^g-f Fe:Ni:Mo:Mg0^ 0.7-1:0.1-0.3:0.1-0.3:10-13 

-^-S fctf. Aj-y] ^nfl <g*><2J. 2.311 §.^o] ^ ^-oflo] Fe gcfe Co^-, Mo ^ MgO 

» iWfe -g-^ Fe:Co:Mo:Mg0^1 #«]*r 0.7-1:0. 1-0. 3:0. 1-0. 3:10~13J15L #t}-. 

4^1, Aj-71 #nfl ^ 2.^) «^ol £ ^ ^ %.cn^. ^s). ^6(|Ai ^ 

* ^-^ <>l-g-*M i50°CoflA-1 l 5 Al^> ^SA]^ 206). °HAj 

, ^T^i ^ ^Al-7> 2*)] S^-fr C]^- Pl^^}7fl ^>7l 

(Mortar HH ^(^^H f ^|*}o}) ^#^o.s. #^]] ^ oj7>» ^-^ <8*}a> u). 
^^tK^n 208). 

€ S.*H -g-^ ^^A]^lCf(i^ 300). #71 db^S. Sl«H ^A>Aj-o) ^^^^ ^ 

«^7>^ ^7>A^ ^ &t}. 

^Dl) ^ oj7l-7> ^-A]^ 2*^ i^S. t!«H ^ ^A>A> £^1^ M-2c7]^6fl ^- 
Al€ #^fl ^ ^A}^ 3.7) W: 2~5nmS. ^^>7fl S^^Jl, <?Ja>» %^sj-A]^ ^ 

Si7l nfl^-o,] o]^^ ^ Uf-^y ^-AjAl ^ M-ie^tL^ 3.7]) ^7>A]^ ^ o^cj-. 
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36> #71 ±^ ^ ~4=- <g*>7> ^ m g-Tg^cq s.(furnace)oll 700- 900 °C 

:37> ^ofl, o)^ ^ ^ ^ ^ ^ ]Sl ^ ^ 

4 #*fl #-§-°fl ^«fl M-ii^-w.* ^#*!:4(^' 400). 

c38> #71 o^tS ^ t^v,- ^-y.^ fgs$£. E ! tfl^q 5: 4# ^ ^ 

^ 3.*L #7l ^ ^7>7> S.^](106)» ^.H(104)^l ^ 

-§-71(100)^ tflJjMl M(104)» ^A]^lrf(^^ 402). 
<39> t^ofl, #71 ^71(100) ifl^-S. o>a^. 7 }^» lOOOsccm ^^^^^ i£-g-7l (100)4 ^ 

i« ^4 -grS, 4^-21^1-711^ 700- 1100 °CS -£}-;<lX|:7luK^ 404). 

<40> 4"§^1, £ 14 ^ ^ ol-g.^- ^-Oo]]^ ( Aj- 7 ] ^-§-71(100) vfl 

^>=^ 7>i» ^^Kn. , lOOOsccm^l ^1-=^- 7V^» 7] 2(-7l(119) tflS. 10^-7> 
^ ^ -§-^, IStfl 7]2H?1 »13 7 >^ ^^(116)* ^ 

7 >^» #71 7l2}-7l(119) iflS o>s^ 7l-^o} 0.^0. ^71(100)^1 

H7H1 tcfHf^ Si^fgr ^ ojcf. ^-71 ^ 4^ -§-<^ ol5t)ofl £ iffl;^ ^jXJ-^ 

THFCTetra hydrofuran) , ^f-o] Aj-g-^ ^ ojrf. 

<4i> =l*\5L, £L 24 ^ ^ q-i^-ti ol-g.^ ^-f^^, Aj-71 #-§-71(100) vfl 

^-5. ^*Rr 7 }if -f^OI, ^ ^^Li 7>-h * 7^13 7>rh ^^(116)^: 

^ 7>^, oHl^^ 40 sccm^l -B-^AS. 4 20^- ^91 # 
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(ioo) ifl^-s ^€ 7>^ofl #*f| ^*HHW # 

B fl #-§-<*f| S)*H °lf^ #4: ^JgtK^ 406). 

<42> ^71 o]^« ^ M-^M ^-§-71(100)^ tfl 7 m ^"EflS -B-^l^^ ^S}^ 

^o] ^-71 o]^ ^ uj-i^y. ^o] ^v* jr t ^-§-71(100) tfl-^S. o>e^ 7 > 

^» 500sccm ^-#*>^^ «}-g-7l (100)21 v|]^cf. 
^ #7] o]^^ ^ uj-^tt 71^-71(119) iflS. ^S\^ o>a^. 7}^ -B-^ a) 

£wW| al^t}, ^-§-71(100) iflS ^g-Sl^r ^ 7>i» ^^Tfl S^^cf. 

oH 4^, #n]] o^o} S^ofl ^ojo^ ^7>7> ^5)^ ^ ^l*}-*, #pfl ^ 

"M"^ «1^€ ^ ^71^714, ^^-5)^- ^uj-^a^ y] 

^^.^^2^ ^db o g7}#o] ^ o. ^ ^ 

<44> oj7H, 5= 1, JE 2 g JE 4* #J1*H ^g4| ^Sfl #nfl «g*HMH ^ 

M-^#«7> s^-a- 7H1 SMI ^t^. 

<45> ^J):3}o_JL, tf^ ^ ^7}(505)fe ^-^ "8^1-*^ 5L*| (501)3 ^7]^ 

(503)4) ^15|<H Jl^-s)^ ^^4. oj^Tfl 71^(503)^1 #"fl «S*}7> afl- 

€ ^71(100) iflS. ^ 7}i(o)l?itll, R-0H, ^^s. M-E^C}-)^- 

^ 7}^7> 71^1^ <i^(pyrolysis)=)<H ^ -n-^H 

(units)(C=C SEfe C)3 7>-fr ^(H 2 )» <^}^ ^Sfol ^nfl ^ oj^ 

(505)3 i^-fl 4^h< * vflJML ^S)<H lr ol7> -g-«fl^4. Wej, ^n)) oj7>(505) 
ifl^-S. ^ ^-MSt^l SK>*M ^^51^ °lf^3 4^y.(507)7> ^^-S>7l a1^4 
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. ^-qEt^l ^ ^a}(505)£] #nfl a}-g- ofl <^fl o]^ 

3 M-^y (507)7f #*fl ^4? <Qx}3.^ 7]}^SL5L <%^7\] €4. 

:46> -g- ^tg£. ^ ^*|-(505)7> &^S>\ 3.3)1(501)^ ^7]^-(503)<H] ^S)^ 3-^ 

<47> 3_x{)o\ ^S)c1 Jia^ 2-5 nm 37l^ #^ 

S^KHl 3?m°) ^ ^STd^A-] q-t^H.7> ^S|7] W] ^ ^ Aj- 

<48> 3E 5^ ^«*|| ^€ M-ir.^-Jd^| SEM A>^1^- 51 a]^ S^olji, 

< 49 > £ 5^1 2EA]i£ ^ i^^a^ ^ 3)-^^- 7i*lx] ^ AB^o]rf. £ so]] 

SAita- ^-o] ^ofl cq*|.<3 h]^^ ^ x§<^e) ^ ^o] tfl^ ^ i4^^-w. 
7} ^ Sll^. °)r&^. 5. 5^ ^ (diameter)^ 20~40nm°m. zz. 

2}-S)7l ul^oflAiS. ^ufl^ ^7>#^ o]^o] nfl-f 5^-$ 3^ 
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[3^8- l] 

Fe, Co, Ni, Mo Sfe ^s.^ o]^^l 2-5 nm 3.7]£) =-4* <%x}^ v}zl 

VUG ^l-(MgO), W^v+(Al2Q3), ^-a-BMH(Zeolite) Xfc o]^6\& <g*]. 

^7] ^ <y^>7> s.^m ^i^i^m ^i; 

l^^Sr 2] 

^U*<H1 SH*!, ^71 #*fl <^7>l- ^ ^7>^ S*1H #*H?l*r l^fe, 

^7] #nfl =4f ^7>7> -g-^ ^JELfe ^1^, 

^-7) #*fl ^ ^7>7> S.*fl fc^-fr ^A^lfe ^7fl<4, 

^■7] ^ 2.^1 ^-^o] £ ^ ^ -g-ofl ^o) ^71^ ^1^, 

#71 #nfl oj7.>7> 5-x\] ^D>(^ifl, ^of)^^ ^- 7 ] ^nfl ^ O^} 
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I^t 1 * 3] 

*!)21H &<>H, #7] <y^> ^ 5.*fl ^-^o] ^ -g.oflo) ^g. ^, l7l - 

^ -S-^ °l-§-*H 150 °C <M 15*1 # ^*Rf ^ o S m}^ o}^& ^ M-ic^-a.^ 

[^T 1 * 41 

*02^1 fl°H. ^71 ^ 2.^)1 ^.^-c] ^ ^.ofloi Fe , Ni 

Co^, Mo, ^ MgO^r Sf-^ -g-^<^ ^-f Fe, Ni £^ Co : Mo :MgO^ 0.7-1:0.1- 
0.3:10~13cl^L, 

*t -§-^<>l Fe £^ Ni^h Mo, ^ Mg0» X^fe ^-f F e :Ni :M O :Mg0^ 
-§-h]^- 0.7-1:0. 1-0.3:0. 1-0.3: 10-13^1 Jl, 

^-71 ^ -g-^o] Fe S=fe Co^K Mo ^ Mg0# 5Lf-*Kr -§-^<g ^-f Fe:Co:M O :Mg0^ # 

0.7-1:0. 1-0.3:0. 1-0.3: 10~13<?] 3J-§- ^%°-3- ^ q-ic^-w.^ th3 « 0 V 

5] 

^fll^ 5ft°H, -S-71 #nfl ^ <y^>7]- 5.*]]°} 700 900°C^ ^JE^ 

<fl7l ^7liA] 6 xfl^l 12 a]^6> ^ *Hr °lf^ ^fc M-ic^f*.^ 

*firM sa°H, ^-7i ^ q-ii ^.ti ^ 13.31^, 

#7] ^ ^^>7} 2-^11- «>-g-7l iflif6|| T#^- #7^, 
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#7] # ^>-§-7l^ ^r£.» 700~ 1100 °C ^TflS]-, 

#7l «>-§-7l ifl^-S i?M, THFCTetra hydrofuran) = 3.4frS:3. o]^ 

[^T 1 * 7] 

*Hl^°fl fl^W, ^"71 i+lc ^ #?ll*f, 

^-71 ^ ^7>7> S-^ll-l- ^T-l-71 tfl^ ^fe ^1^, 

-#7l Mil- ^-§-7]^ -S-Sl- 700- 1100 °C -B-*H7]t= ^Tfl^h 
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